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TECHNIC FOR STUDYING THE EPITHELIAL CELLS OF THE
SKIN IN RELATION TO DISINFECTION*
LEO H. T. BERNSTEIN, Pu.D.
Study of the action of disinfectants upon the bacterial flora of human skin
has been initiated recently (1, 2, 3, 4) but little is known concerning changes
taking place in the epidermis itself or the relationship of the bacterial flora to
cell layers. Cromwell and Leffler (5) claim that some chemicals, such as ethyl
alcohol and potassium alum, have a hardening effect upon the skin surface, and
that, after use of these agents, smaller amounts of keratinized epithelial cells are
removed by subsequent scrubbing, whereas ammonium and sodium sulfide have
opposite effects. According to these investigators, this "hardening" results in
few bacteria being washed off and, consequently, good "bacterial destruction"
curves are obtained if the Price technic is employed. This conclusion is also
arrived at by Meyer and Vicker (6) who state that aluminium and potassium
sulfate in 10 per cent solution hardens the skin to such an extent that the organ-
isms of the skin flora are imprisoned but not killed; these imprisoned organisms
may be released after softening of the skin. Arnold (7) believes that the stratum
corneum behaves as a "colloid-like gel"; alkalinity causes absorption of water,
acidity causes dehydration. An increase in water content with the softening of
the gel permits more bacteria to be removed from the skin by swabbing, while
dehydration of the gel by acids entraps or imprisons the endogenous flora.
The basic problem is whether the effects of skin disinfectants are real or ap-
parent; that is, whether the organisms on skin are actually killed or whether the
antiseptic employed so changes the characteristics of the skin surface that bac-
teria, though still present in viable condition, are not recoverable by methods
now available. This is a fundamental question in determining the mechanism
of skin disinfection.
The fact that skin has its own particular flora, as specific as that of the gastro-
intestinal tract, is generally agreed upon. Does this flora exist in the sebaceous
and sudoriforous glands, within the hair follicles, on the surface of the skin, or
among the various cell layers of the strata disjunctium and corneum? A better
knowledge of the exact location of the bacterial and fungal flora of the epidermis
would also aid in the problem of skin disinfection.
In order to determine what takes place during the process of skin disinfection
and discover whether disinfection is due to actual killing of bacteria or merely
mechanical interference with their removal, it was necessary to devise a technic
whereby the cells of the epidermis could be studied quantitatively and qualita-
tively, so that the effect of a disinfectant upon these cells could be evaluated. It
is believed that the following method would facilitate such a study.
* From the Department of Surgery, University of Utah School of Medicine.
This work was supported by a grant-in-aid from the Givaudan-Delawanna Co., New York
18, New York.
Received for publication Jan. 13, 1948.
49
•
iiV
M
 t.
 
•
 
H
?;
 
1 
•
4%
 
'.
 
-
 
-
,
 
I, 
CI
1 ,
 
a
 
st
 
50 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
The method utilizes the principles of the Price technic which was designed to
study the bacterial flora of the skin. The hands and forearms are scrubbed with
a sterile surgical brush in a standard manner in each of a series of 15 to 20 basins
containing a measured amount of sterile water. This standard scrub-up con-
sists of 10 seconds lathering of the area with an ordinary toilet soap, 35 seconds
scrubbing and 15 seconds stripping and rinsing of the scrubbed area, the whole
procedure taking one minute and being performed in each of the basins. The
terms "minute of scrubbing", "unit of scrubbing" and "basin number" are used
synonomously in the following sections.
Fm. 1. Puo'rovrdnooRkPu OF EFITHELIAL CELLS IN HEMACYTOMETEE. X 180
After thorough mixing, 50 ml. of wash water from each basin are measured out
with a graduated cylinder, transferred to a centrifuge tube and centrifuged for
10 minutes at 2000 revolutions per minute. The clear supernatant water is
decanted and the sediment, consisting of epithelial cells, is resuspended in 2 ml.
of distilled water. This step results in a 25-fold concentration of epithelial cells
present in the original wash water. These cells are then counted in an ordinary
hemacytometer, counts being made in duplicate and the average taken. If
duplicate counts do not agree within 10 per cent, the determination is done in
quadruplicatc and the mean value again calculated. (Figure 1 shows a typical
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Fio. 2. CuRvE OF INDIVIDUAL BASIN TOTALS (COLIThSN 4 or TABLE 1)
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field in the counting chamber under high power magnification.) The number of
cells removed per minute scrubbing time is then calculated by multiplying cell
concentration by water volume of each basin. Turbidity determinations in a
Experiment showing the number of epithelial cells removed from the skin by scrubbing
with a uniform technic in each of a series of basins
BASIN
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
Ml. WAtER
PER BASIN
4275
4825
4275
2675
2675
2675
2675
2675
2675
2675
2675
2675
2675
2675
2675
2675
NO. EPITEELIAL
CELLS PER C.MM.
CENTRIPUGED
WASU WATER
779
360
320
378
358
273
260
243
195
210
210
113
200
165
145
175
B1
NO. EPITRELIALt
CELLS PER BASIN
133
70
62
40
38
29
28
26
21
23
23
12
21
18
16
19
Ct
CITMIThATIVEt
TOTALS
579
446
376
314
274
236
207
179
153
132
109
86
74
53
35
19
N5
AcTRALt
TOTALS
719
586
516
454
414
376
347
319
293
292
249
226
214
193
175
159
* 25 fold concentration of original wash water.
f In millions.
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photo-electric colorimeter and total nitrogen determinations of the concentrated
cells may also be made; these give results paralleling the actual numerical
counts.
The protocol of a typical experiment is contained in Table 1. If individual
basin totals are plotted against minutes of scrubbing time, the curve in Figure 2
is obtained; this curve shows a regular decrease in number of epithelial cells re-
moved per basin. Each cumulative total in Table 1, column 5, represents the
total number of cells in its corresponding basin plus the sum of all the basin totals
below it. The graph for these cumulative totals is contained in Figure 3. Re-
peated experiments on several individuals yield essentially similar curves. In
no experiment did the microscopic appearance of the cells removed in the first
basin differ qualitatively from those removed in the last.
From "basin total" data of Table 1 it is possible to calculate actual numbers
of removable epithelial cells on the skin, the number of removable cells remaining
on the skin at the conclusion or at any point of the experiment, and the velocity
constant for this removal. Furthermore, it can be proven that these cells are
scrubbed off in accordance with the unimolecular mass action formula. Calcula-
tions are performed in the following manner.
Mathematical analysis. If basin totals (column 4 of Table 1) are plotted on semi-logarith-
mic paper (Figure 4) a series of points are obtained which tend to form a straight line.
The first basin total seems to be outside the general trend, a fact frequently found, which
probably is due to looseness of the outermost cell layers; it is not used in these calculations.
For this reason it is desirable to do a preliminary scrub-up for several minutes prior to the
experiment. By means of the "least squares" method for determining best fit of a line
for these points, the formula of this indicated line is found to be
log B = log B + t log b (a)
log B = 7.79930 — 0.04203 t (b)
in which "B" is the basin total at "t" minutes of scrubbing time (or basin nuxnber), "B"
is a constant, and "b" is the slope. Transposing equation (b) to antilogarithmic form.
yields the formula of the curve in Figure 2,
B (63.106) (0.908)t. (c)
Formula (a) rearranged becomes
—log b = log = k (d)
which is a general form for the unimolecular mass action velocity constant "k". As the
experimental data conforms to this formula, the process of cell removal has a constant veloc-
ity; "k" has a value of 0.04203 per minute scrubhing time and the ratio of successive basin
totals,- , is 1.102. This ratio may be approximated by deriving the mean of the values
,etc., for basin totals in Table 1, which is found to be 1.099 7.3 per cent.
As the reaction has been shown to possess a constant velocity, the number of cells re-
moved per basin would gradually decrease, approaching zero as an asymptote, as the scrub-
bing time continued to increase. If all removable cells, "N1", present on the skin were
scrubbed off they would equal the sum of all these basin totals, or
N1 = B = (63.106)(0.908)1 + (63406)(0.908)2 .. + (63.lQ6)(Ø908)t + (e)
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FIG. 4. Curve of individual basin totals (column 4 of Table 1), plotted on semi-logarith-
mic graph paper.
I'
1.Z345 678 qlgulzl3u,1516
Mincites Ocrcthbznq Zàne
FIG. 3. CUBVE OF CUMULATIVE TOTALS (COLUMN 5 OF TABLE 1)
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This sum, being an infinite geometric progression is equal to
()
Whence,
B
(1 b)
= (g)
However, oniy a portion of these cells, sums of basins ito 16 in column 5 of Table 1, were
actually removed from the skin during the experiment. The total number of cells, sum
of basins 1 to 16 plus the sum of basins 17 to "infinity", may be expressed as
Ni=C1+B (h)
17
where "N1" is the total number of cells on the skin at the beginning of the experiment,
"C1" is the cumulative total of basins 1 to 16, and "B" is equal to the sum of all basins
after the sixteenth if scrubbing had been carried out indefinitely. This last term may be
thought of as equal to residual number of removable cells, "R", on the skin at the experi-
ment's conclusion, and
N1=C1+R. (i)
As "W' equals "E B", substitution in formula (g) gives the value of residual number
cells;
R = (63106) (0.908)' = 132 106 ()1.0 — 0.0908
Theoretically the residual number of cells should be equal to the number on the skin at
the start minus the cumulative total, but as there are experimental errors involved in the
process, this is not quite accurate and the number of cells on the skin at the start or at any
point should be calculated rather from the residual number plus the cumulative total,
formula (i). This point is further brought out by the fact that there may be temporary
deviations from the reaction velocity constant for the first minute or two of scrubbing
caused by surface adhesion of superficial desquamated cells, as in the experiment under
discussion, or caused by action of chemical agents on the skin, as illustrated in a later sec-
tion. In order to take these temporary deviations, which occur in the initial basin or basins
of a series, into account in computing the total number of removable epithelial cells present
on the skin at the start of an experiment, residual number of cells and cumulative totals
should be summed. Therefore, using values for "C1" and "H" in formula (i), the total
number of removable epithelial cells at the beginning of the experiment was
N1 = 132.106 + 579.106 = 711.106. (k)
Substitution of respective values for "N1", "Be" and "b" in formula (g) shows that
N6=2 (1)
and
N B6
= = 1.102, (m)N(,+l) B(g+l)
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the ratio of successive basin totals being calculated from formula (d). Thus, basin totals
are a constant fraction of the number of removable cells on the skin at any particular time
and ratios of actual numbers of removable cells on the skin at successive times are constant,
equal to basin ratios. If the values of formula (I) are substituted in formula (d) the expres-
sions
1 10.87B 1 Nk =-log —-— = log- 0.04203 and (a)
N = N(0.908)t (°)
are obtained. This proves that the removal of epithelial cells from skin by a standard
scrubbing technic proceeds in accordance with the mass action unimolecular formula; that
is, the number scrubbed off per minute scrubbing time is proportional to the number of
cells on the skin.
As the principle that "de-epithelialization" by scrubbing takes place in conformity with
the exponential mass action formula has been demonstrated, it is possible to calculate
residual and total number of cells on skin and reaction velocity in two ways other than that
described. One is a so-called "formula" method and the other is the Price method (1) for
calculating residual and total numbers of bacteria on skin, which can be adapted to this
technic also.
Formula method. Since the velocity of cell removal is constant, substitution of formula
(i) in formula (n) forms the equation
1
1
Ct + I?
—
1
1
+ R
(1 + 1) — og C(g1) + R (t + 2) — (1 + 1) og Cg2) + R' e e. (p)
with terms having the same meaning as in the preceding section. Simplification of this
expression produces
C, + R C(gj) + R C16 + R
= =
,etc. (q)C(t+l) + 11 C(t+2) + R 1?
Since cumulative totals (column 5 of Table 1) are known from experimental data, the sub-
stitution of these values in a representative number of such equations gives "R", the
residual number of removable cells on the skin. For example, placing cumulative total
values for basins 2, 3, 16 and 17 in formula (q) yields
446 + R
—
19 + R
376+R 11
and solving for "R" gives a residual number of cells value of 140 million. Total number
of cells and reaction velocity may then be determined by use of formulas (i) and (n). It
should be emphasized, however, that experimental errors necessitate deriving the mean
of a large number of values for "R" and the mean of a number of values for the velocity
constant. This latter constant may be approximated by finding the mean of successive
basin total ratios, as has been described in a preceding paragraph, and placing this ratio
in formula (d).
Price method. The Price method (1), which is a graphical method, is used to calculate
residual and total number of cells in the following manner. If cumulative totals (column 5
of Table 1) are plotted directly on semi-logarithmic paper, curve A of Figure 5, an irregular
curve is obtained. It is irregular because it represents cumulative totals of cells removed
and not totals of all (removable) cells present on the skin. The total number of removable
epithelial cells is equal to the cumulative total of those removed plus the "residual" number
of cells left on the skin at the conclusion of the experiment and these total numbers for each
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minute of scrubbing time when plotted on semi-logarithmic paper form a straight line, as
proved in the previous section. The smallest number, therefore, which added to the
cumulative totals causes them to yield a straight line on semi-logarithmic paper represents
the "residual" number of epithelial cells. It can be found by trial and error that if the
number 140 million is added to cumulative totals of Table 1, curve B of Figure 4 results.
Inasmuch as this is a straight line, 140 million represents the number of "residual" epithelial
cells. The number of residual cells obtained by this method and by the mathematical
800
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400I 300
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FIG. 5. Curve A represents the cumulative totals (Table 1, column 5), and curve B the
actual totals (Table 1, column 6), plotted on semi-logarithmic graph paper.
analysis technic are essentially the same, being 140 million and 132 million respectively.
Actual totals of epithelial cells, residual number plus cumulative totals, on the skin during
the experiment are contained in column 6 of Table 1.
By subjecting data from a number of experiments to the above types of anal-
ysis, a mean value for velocity of "de-epithelialization" is obtained, which may
be considered a "standard" velocity. This is constant for each individual
whenever he scrubs in the standard manner, although the velocity constant may
S
20
1 Z 3 4 5 6 7 8 q 10 11 11 1 14 15 16 17
Mm ate.5 8crcthbinq Time
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vary from person to person. Use of the Price graphical method produces a
mean "k" value of 0.0419 and a percentage reduction in number of epithelial
cells of the skin of 9.20 per minute scrubbing time, while with the mathematical
method of analysis a "k" of 0.0432 and a percentage reduction of 9.45 are ob-
tained. A "standard" curve, based on these figures, showing the decreasing
number of total removable epithelial cells on the skin during the course of an
experiment, is contained in Figure 6. This curve may be extended indefinitely.
PRACTICAL APPLICATION
This knowledge of surface epithelial cell layers makes it possible to answer
the question as to whether a disinfectant has auy effect upon cells of the skin
Fm. 6. "Standard" curve for one individual showing number of epithelial cells on the
skin as ordinates and reduction caused by scrubbing.
surface. To do this, one scrubs in a series of basins using standard technic,
applies the disinfectant under investigation for a measured period of time and
then scrubs in a second series of basins. Data from each series of basins are
analyzed separately and rates of removal of cells and number of cells on the skin
before and after application of the disinfectant are determined. If hardening
or softening of skin occurs, one would expect the rate of removal of cells to be
altered, while if disintegration or dissolution takes place one would expect a
change in numbers of cells. Qualitative changes in shape or size of cells may
also be noted by direct microscopic observation of removed cells.
The protocol of such an experiment, in which the effects of 93 per cent ethyl
alcohOl, by weight, upon skin are studied, is contained in Table 2. The alcohol
was applied, without friction, to the area of skin being studied for two minutes.
Basin totals (column 4 of Table 2) are plotted on rectilinear graph paper in
1 2 4 5 6 7 8 q 1011 12 1 141516Mthcdé8 C!thbfl 7the
TABLE 2
Experiment showing effect of 98 per cent ethyl alcohol upon removal of epithelial cells
from skin by scrubbing
Data from each series of basins are analyzed independently
t
BASIN
1
2
3
4
5
6
7
8
Ml. WATER
PEE BASIN
2700
2700
2700
2700
2700
2700
2700
2700
NO. EPITUELIAL
CELLS PEE C.MIM.
CENTRIFUGED
WASU WATER
1073
973
729
541
584
539
518
445
mBIDITYt
0.349
0.194
0.184
0.149
0.132
0.129
0.128
0.129
Bt
NO. EPITHELIALI
CELLS PEE BASIN
116
105
79
58
63
58
56
48
Ct
CT.ThS1JLATIVEI
TOTALS
583
467
362
283
225
162
104
48
Nt
ACTUALI
TOTALS
1023
907
802
723
665
602
544
488
93 per cent ethyl alcohol applied to skin for 2 minutes
9
10
11
12
13
14
15
16
2700
2700
2700
2700
2700
2700
2700
2700
190
243
305
282
245
235
213
188
0.190
0.105
0.108
0.091
0.091
0.094
0.091
0.086
21
26
33
31
27
25
23
20
206
185
159
126
95
68
43
20
406
385
359
326
295
268
243
220
* 25 fold concentration of original wash water.
f Turbidity of concentrated cells determined in Evelyn photo-electric colorimeter;
turbidity, L, calculated from G, galvanometer reading; L = 2 — log G.
In millions.j \oerie5 I
qo \\ Alcohol applied
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. 40
aio
I I I I I I I I I I I I I I I1234 5678qwu1213141516
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Fza. 7. Curve of individual basin totals (column 5 of Table 2) before and after applica-
tion of 93 per cent et yl alcohol.
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mass action formula and provided a mean velocity constant for the process as
well as a "standard" curve (Figure 6). Details of both methods follow.
Mathematical analysis method. The mean standard velocity constant for "de-epitheliali-
zation" previously has been shown to be 0.0432. A right angled triangle is constructed (on
graph paper with same scales as Figures 4 and 8) whose hypotenuse has a slope of —0.0432
and this is used as a template. Basin totals, column 4 of Table 2, are plotted on semi-
logarithmic graph paper, Figure 8, and the template is used to fit a curve to these points.
The base of the template is kept parallel to the abscissa. It can be observed that the linear
curve so drawn fits the basin total points well and that this straight line is essentially
continuous from basin series I to basin series II. Hence velocity is constant along both
series (with the exception of basins 9 and 10) and the basin totals fall continuously along
the line.
The nipnber of epithelial cells on the skin before alcohol was applied was the residual
number remaining on the skin after basin series I. This number is
Rr=B=ö-5; (g,j)
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Figure 7; this shows a regular decrease in numbers of cells removed in each of the
two series of basins, with the exception of basins 9 and 10. To determine rates
of "de-epithelialization" and total numbers of cells before and after use of al-
cohol, data from basin series I, scrubbed in before use of alcohol, and from basin
series II, scrubbed in after the alcohol, are analyzed independently of each other.
This study may be performed either by the mathematical analysis method or by
the Price method. Each is based upon the principle propounded in the preced-
ing section which proved that "de-epithelialization" follows the unimolecular
5erie32
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Fm. 8. Curve of individual basin totals (column 5 of Table 2) before and after applica-
tion of 93 per cent ethyl alcohol, plotted on semi-logarithmic graph paper.
R11 = B =
17 0.0945'
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and "B9", disregarding basin series II for the moment, is read off the ordinate scale of
Figure 8, being 43 million. Substituting this value in the previous equation gives the
number of cells, "R1" on the skin before application of the alcohol; this is found to be 455
million.
Similarly, the number of cells on the skin after use of alcohol is equal to the residual
number of cells on the skin at the end of basin series II plus cumulative total of basin series
II (formula i). Residual number of cells is given by equations
(g, j)
"B17" is read directly off the graph, being 18.5 million, and residual number of cells, "R11",
after basin series II is 196 million. Therefore, total number of cells on the skin immediately
12130
1101
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won
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$a3
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FIG. 9. Curve showing the number of removable epithelial cells on the skin (column 7
of Table 2) before and after the application of 93 per cent ethyl alcohol. Dotted line rep-
resents "standard" curve.
10l
13 1415
after the application of alcohol is 402 million. Thus, before alcohol was used there were 455
million removable epithelial cells and after application of alcohol there were only 402
million cells.
Price method. This technic applies the above principle in an ingenious fashion, employ-
ing a graphical trick, so to speak. Cumulative totals of basin series I and II, column 6 of
Table 2, are plotted on rectilinear graph paper and this graph is then superimposed over a
"standard" curve, Figure 6, constructed with the same scales. Base lines of each are kept
parallel and curves of basin series I and II are moved about until they "fit" directly over
some segment of the standard curve. Residual number of cells is read directly off the
standard curve ordinate where the base lines of the basin series curves intercept it. Total
number of cells, then, are the cumulative totals plus the residual number. Column 7 of
Table 2 lists these total numbers and these are plotted in Figure 9 where the curves are also
compared with the standard curve (dotted line). It can be seen that the two segments
show no difference in rate and that total numbers of cells are continuous.
This experiment shows that 93 per cent ethyl alcohol had no effect upon
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velocity of removal of epithelial cells except for a short period immediately after
use of the alcohol, in basins 9 and 10. In these two basins there were decreased
numbers of cells; however, a large number of cell fragments were present, giving
the impression that the alcohol had caused fragmentation of some epithelial
cells. This interpretation is substantiated by the fact that turbidity determina-
tions of the concentrated cells, column 4 of Table 2, indicate an increased density
in the first basin of the second series with a uniformly decreasing density follow-
ing. This may also account for the discrepancy in total numbers of removable
epithelial cells on the skin before and after use of the alcohol. The difference
between the before and after figures equals the sum of the differences between
basin totals 9 and 10 and what they would have been had they fallen on the same
curve as the other basins, as shown by Figure 8.
SUMMARY
A technic is described for studying the epithelial cells of the skin quantitatively
and qualitatively. By use of this technic it is possible to calculate the number of
removable epithelial cells present on the skin and the rate at which they are
scrubbed off. Detailed mathematical analysis of experimental data is presented,
which includes proof that "de-epithelialization" by scrubbing proceeds in ac-
cordance with the unimolecular mass action formula. This proof may also be
applied to the Price (1) technic for study of bacterial flora of skin.
To illustrate how the technic is applied in evaluating the effect of a disinfectant
upon the skin, an example using 93 per cent ethyl alcohol is given, together with
the required analysis of the data. Alcohol applied to the skin for 2 minutes does
not affect significantly the rate at which epithelial cells are removed by scrubbing,
nor the number of cells removed. It may be concluded, therefore, that the well
known skin disinfectant action of alcohol is not due, as some investigators have
supposed, to a "hardening effect" on the epidermis, but rather to actual killing
of cutaneous bacteria by the alcohol.
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